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The g2 Structure Function: An Experimental
Overview
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Abstract. We will discuss recent results for the spin structure functions, with an emphasis on g2.
High precision g2 data allows for tests of the Burkhardt–Cottingham sum rule, and is needed to
consistently evaluate higher twist effects.
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INTRODUCTION
Four independent structure functions are needed for a complete description of nucleon
structure. All spin-dependent effects are contained in g1 and g2, while spin-independent
effects are parameterized in F1 and F2. A simple physical interpretation is given in the
impulse approximation of the parton model as distributions of quark momentum and
spin in the nucleon:
F1(x) =
1
2 ∑e2i [qi(x)+ q¯i(x)]
F2(x) = 2xF1(x) (1)
g1(x) =
1
2 ∑e2i ∆qi(x)
Here the summation runs over all quark flavors.
Analysis of the spin structure functions (SSF) is typically facilitated via the Cornwall-
Norton (CN) moments [1, 2]:
Γ(n)1 (Q2) =
∫ 1
0
dx xn−1g1(x,Q2)
Γ(n)2 (Q2) =
∫ 1
0
dx xn−1g2(x,Q2) (2)
where x is the Bjorken scaling variable, and Q2 represents the positive definite four
momentum transfer of the virtual photon, which mediates the interaction between the
incident electron probe and the nucleon target. By convention, the superscript is usually
dropped in the case of n = 1.
The Q2 and x−dependence of the g1 structure function has been measured [3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13] with impressive precision over a wide kinematic range. In this
proceedings, we focus on the other structure function g2, which has been historically
neglected due to the technical difficulties of producing transversely polarized targets,
and the lack of a simple interpretation of g2 in the classic parton model.
THE BURKHARDT-COTTINGHAM SUM RULE
The first CN moment of the g2 structure function is predicted to vanish by the Burkhardt-
Cottingham (BC) sum rule [14]:
Γ2 =
∫ 1
0
dx g2(x,Q2) = 0 (3)
This sum rule arises from the unsubtracted dispersion relation for the spin-dependent
virtual-virtual Compton scattering amplitude S2. It is expected to be valid for any value
of Q2, although the reader is referred to [15] for a detailed discussion of scenarios which
would lead to violations of the relation.
Fig. 1 displays existing world data for Γ2(Q2) for the proton, neutron and 3He.
All available data are consistent with the nuclear sum rule for 3He. Similarly, we
find satisfaction of the neutron sum rule, within uncertainties, across several different
experiments and a large range of Q2. The picture is not so clear for the proton. The
E155 collaboration found their data to be inconsistent with the proton BC sum rule at
Q2 = 5 GeV2, and the only other data point is from the RSS collaboration at Q2 = 1.3
GeV2. Two upcoming JLab experiments will greatly expand our knowledge of gp2 with
measurements planned [16, 17] in the ranges 0.02<Q2 < 0.4 and 2.5<Q2 < 6.5 GeV2.
The open symbols in Fig. 1 represent the experimentally measured data which typi-
cally covers the resonance region. To evaluate Eq. 3, the contributions from x = 1 and
x→ 0 must be included. The nucleon elastic contribution at x = 1 can be easily evaluated
using the form factor parametrizations of [22, 23], and the nuclear elastic contribution
for 3He is similarly determined from [24]. All form factor parameterizations are known
to high precision over the relevant region.
To estimate the x → 0 contribution for the g2 integrals, the Wandzura-Wilczek [25]
relation is used:
gWW2 (x,Q2)≡−g1(x,Q2)+
∫ 1
x
g1(y,Q2)
y
dy (4)
This relation gives a prediction for the leading twist behaviour of g2 entirely in terms of
g1. Using Eq. 4 for the low x contribution of the integral relies on the assumption that
higher twist effects asymptotically vanish as x → 0, which is, of course, untested due
to the difficulty in measuring structure functions in this region. This contribution to the
integral represents the largest contribution to the overall systematic uncertainty.
What can the BC sum rule tell us about low x?
Due to the extreme low counting rate, precise g2 data at low Q2 and low x are unlikely
to be obtained anytime in the near future. However, if one were to accept the BC sum rule
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FIGURE 1. World data for Γ2(Q2) for the proton (top), neutron (middle) and 3He (bottom). Open
symbols represent measured data (typically the resonance region), while the full symbols include an
estimate of the unmeasured contributions to the integral. Inner (outer) error bars represent statistical
(total) uncertainties. Brown: E155 collaboration [4]. Red: RSS [18, 19]. Black: E94010 [20, 11]. Green:
E97110 [21] (Very Preliminary). Blue: E01012 [13] (Very Preliminary).
purely on theoretical grounds, it is possible to invert Eq. 3 to provide information on g2
in this region. The high precision of the elastic form factors and the measured resonance
region data allows us to determine the x→ 0 contribution to Γ2(Q2) with relatively small
uncertainty. Fig. 2 shows the resonance region (open symbols) and elastic contribution
(solid line) to Eq. 3. The solid band is the x→ 0 contribution inferred by assuming that
Eq. 3 vanishes.
Violations of the BC Sum Rule?
As a necessary caveat to the preceding discussion, we stress that the experimental
verification of the BC sum rule is still in question. In particular, Table 1 gives some per-
spective on the relative uncertainty of the determinations of Γn2 in the vicinity of Q2≈ 1.0
GeV2. Satisfaction of the neutron BC sum rule is found only at the 2 to 2.5 σ level of the
total uncertainty. As can be seen from the table, the uncertainty is typically dominated
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FIGURE 2. Full band represents an evaluation of x→ 0 contribution to Γ2(Q2) assuming the validity
of the BC sum rule. Proton (top), neutron (middle), and 3He (bottom). Open symbols represent measured
data (typically the resonance region). Inner (outer) error bars represent statistical (total) uncertainties.
Brown: E155 collaboration [4]. Red: RSS [18, 19]. Black: E94010 [20, 11]. Green: E97110 [21] (Very
Preliminary). Blue: E01012 [13] (Very Preliminary). Nucleon form factors from [22, 23]. Nuclear form
factors from [24].
TABLE 1. Standard deviations of Γn2(Q2) from zero. From E94010 [20] for
Q2 < 1.0 GeV2 and E01012 [13] (Very Preliminary) for Q2 > 1.0 GeV2
Q2(GeV2) Total Relative Uncertainty Statistical Relative Uncertainty
0.74 1.7 6.6
0.90 2.0 7.9
1.20 2.4 2.9
1.80 1.9 2.2
2.40 1.8 2.2
by systematic effects, while the statistical uncertainties are quite small. The dominant
systematics of E94010 arose from the radiative corrections. Considering the significant
improvements in knowledge of structure functions at low Q2 that has occurred in recent
years, a re-examination of this uncertainty is warranted in order to provide a conclusive
test of the BC sum rule.
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FIGURE 3. Γn2(Q2). Full integral for neutron. Inner (outer) error bars represent statistical (total) uncer-
tainties. Brown: E155 collaboration [4]. Red: RSS [18, 19]. Black: E94010 [20, 11]. Green: E97110 [21]
(Very Preliminary). Blue: E01012 [13] (Very Preliminary).
HIGHER TWIST MEASUREMENTS
The Operator Product Expansion (OPE) [26, 27, 28] relates the structure functions to
QCD quark and gluon matrix elements, which contain information on parton interac-
tions. This effective theory of QCD is formulated in terms of the CN moments of Eq. 2.
The OPE provides the following expansion of the lowest moment Γ1(Q2):
Γ1(Q2) = ∑
τ=2,4,...
µτ(Q2)
Qτ−2 (5)
This expansion is performed in inverse powers of the twist τ . Successful predictions from
the parton model map onto the leading twist of the OPE, while deviations from leading
twist behaviour are known as higher twist effects. The parton model says nothing about
the g2 structure function, making it in an excellent quantity to study higher twist.
The coefficients µτ are identified with nucleon matrix elements of QCD operators of
twist≤ τ . The first coefficient beyond leading twist is µ4, which can be decomposed as:
µ4 =
1
9M
2 (a˜2 +4 ˜d2 +4 ˜f2) (6)
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FIGURE 4. I(Q2) for proton (top) and neutron (bottom). Brown: E155 collaboration [4]. Black open
square: QCDSF [29] Red: RSS [18, 19]. Black circle: E94010 [20]. Green: E97110 [21] (Very Prelimi-
nary). Blue: E01012 [13] (Very Preliminary). Magenta: E99117 [30]. Solid line: MAID model [31]. In the
top panel, the filled band represents a determination of I(Q2) based on existing world data [10]. The large
uncertainty reflects the lack of knowledge of gp2 in this region.
This involves a combination of the leading twist, twist-3 and twist-4 matrix elements,
respectively.
Higher Moments
The twist-2 term a˜2 is purely kinematical in nature and can be evaluated [32] from the
(target mass corrected) third moment of g1:
∫ 1
0
x2g1(x,Q2)dx = 12 a˜2 +O
(
M2
Q2
)
(7)
Similarly, the third moment of g1 provides information on ˜d2:
∫ 1
0
x2g2(x,Q2)dx = 13(
˜d2− a˜2)+O
(
M2
Q2
)
(8)
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FIGURE 5. M11(Q2) from [10] and RSS [18, 19] (Preliminary). Statistical errors are shown on the data
points, while systematic errors are represented by the full bands on the horizontal axis.
Eqs. 7 and 8 are often combined to extract the twist-3 matrix element via:
I(Q2) =
∫ 1
0
dx x2 (2g1 +3g2) (9)
= ˜d2(Q2)+O
(
M2
Q2
)
(10)
However, note that I(Q2) is not equivalent to the twist-3 matrix element ˜d2 in any
kinematic region where M2 is not negligible compared to Q2 [32]. World data on I(Q2)
is shown in Fig. 4. In the top panel, the filled band represents a determination of I(Q2)
based on existing world data [10]. The large uncertainty reflects the lack of knowledge
of gp2 in this region.
TARGET MASS CORRECTIONS
As emphasized in [32], dynamical higher twists can be extracted from the measured
SSFs by using the Nachtmann moments [33, 34], which utilize the variable ξ = 2x/(1+
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FIGURE 6. RSS (very preliminary) R2 data compared to the prediction of Ref. [32]
√
1+(2xM)2/Q2). The moments are defined:
Mn1(Q2) ≡
a˜n−1
2
≡
1
2
anEn1 (Q2,g) =
∫ 1
0
dx
x2
ξ n+1
[{ x
ξ −
n2
(n+2)2
M2xξ
Q2
}
g1−
4n
n+2
M2x2
Q2 g2
]
(11)
Mn2(Q2) ≡
˜dn−1
2
≡
1
2
dnEn2 (Q2,g) =
∫ 1
0
dx
x2
ξ n+1
[ x
ξ g1 +
{ n
n−1
x2
ξ 2 −
n
n+1
M2x2
Q2
}
g2
]
(12)
In the limit M2/Q2 → 0, (i.e. TMC vanish) the Nachtmann moments reduce to the
more familiar CN moments:
M11(Q2) → Γ1(Q2) (13)
2M32(Q2) → I(Q2) (14)
At finite Q2, the ratio of Nachtmann to CN moments gives a quantitative measure of the
TMC:
R1(Q2) =
M11(Q2)
Γ1(Q2) (15)
R2(Q2) =
2M32(Q2)
I(Q2) (16)
The Nachtmann moments allow a clean separation of dynamical higher twists. In
particular, Ref. [32] shows that M32 gives access to the twist-3 matrix element that is
accurate to O(M8/Q8).
A comparison of RSS data for M11 to the analysis of Ref. [10] is shown in Fig. 5.
Ref. [32] predicts that experimental determinations of I(Q2) significantly overestimate
contributions to the twist-3 matrix element for Q2 < 10 GeV2. Fig. 6 provides support
for this conclusion from preliminary RSS proton data.
CONCLUSION
We have presented an overview of existing tests of the Burkhardt–Cottingham sum
rule. All neutron and 3He data support the sum rule prediction within experimental
uncertainties, although the agreement is only at the 2.5σ level for the neutron. Proton
data is found to be lacking. We have also presented a Nachtmann moment analysis of
existing proton g2 data, which shows that CN moments can significantly overestimate
determinations of the twist-3 matrix element.
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